Introduction
The genus X ylaria belongs to the sphaeriaceous genera of ascom ycetes, which are w orld-w ide dis tributed. M ost of them are w ood-inhabiting fungi, som e causing w hite-rot (C atechside and M allett, 1991) . The recent in terest in X ylaria species has focused on their phytopathogenicity (N ilsson et al., 1989) and their produ ctio n o f enzym es (Wei et al., 1992) . The latter reflects th eir natu ral hab itat and ecological role and suggests a possible application in the biotechnological degradation of lignin and o th er b io transform ations (Siebers-W olff et al., 1993) . Investigations of th eir secondary m etab o lism have yielded quite different com pounds, e.g. succinic acid derivatives (A n d erso n et al., 1985) , cytochalasins (E dw ards et al., 1991, D agne et al., 1994) , terpenoids (S chneider et al., 1995) and polyketides (O 'H ag an et al., 1992) . The production of certain secondary m etabolites was used to d e term ine the inter-generic relationship w ithin the family of the X ylariaceae (W halley et al., 1986, W halley and E dw ards, 1995) .
D uring a screening of higher fungi for the p ro duction of bioactive com pounds, extracts of the culture fluids of Xylaria longipes, A 1 9 -9 1 , show ed antifungal activity. First investigations revealed, that none of the com pounds already know n from fungi of the genus Xylaria was responsible for the antifungal activity. The active constituents w ere isolated from the culture broths of 20-1 ferm en ta tions by bioassay-guided fractionation. Besides xylarin, a new antifungal diterpene (S chneider et al., 1995) , three com pounds with antifungal activity were obtained. A fourth com pound crystallized during the isolation of the other com pounds. The production, isolation, structural elucidation and biological characterization of the four m etabolites 
Experimental

P roducing Organism
F ruiting bodies o f Xylaria longipes, A 1 9 -9 1 , w ere collected in Lescun, France in 1991. A h e r barium specim en and mycelial cultures are depos ited at the LB Biotechnology, U niversity of K ai serslautern.
Fermentation
For m ainten an ce on agar slants (with 2% agar) and subm erged cultivation, the strain was grown on Y M G m edium com posed of (g/1): glucose 4, m alt extract 10, yeast extract 4. The pH was ad ju sted to 5.5 befo re autoclaving. Ferm entations w ere perfo rm ed in a Biolafitte C -6 apparatus con taining 20 1 of Y M G m edium with agitation (120 rpm ) and aeratio n (3.2 1/min) at 22 °C. 200 ml of a well grow n cultu re in the sam e m edium were used as inoculum . The antifungal activity during ferm entatio n was m easured in the agar plate diffu sion assay with Nem atospora coryli as test organism .
Isolation
A fter ten days o f ferm entation of Xylaria lon gipes, A 1 9 -9 1 , the culture fluid (18 1) was sepa rated from the m ycelia by filtration and passed through a colum n w ith M itsubishi HP21 resin (col um n size: 6.5 x 30 cm ). The resin was washed with w ater, and the ad so rb ed m aterials were eluted with 1.2 1 of acetone. E vaporation of the solvent yielded a crude ex tract (2.6 g), which was fraction ated on a silica gel colum n (M erck 60; 6 0 -2 0 0 |im d iam eter, 110 g) w ith cyclohexane -E tO A c (3:7) as eluant. Final purification of the antifungal com p ounds was achieved by preparative H PLC on M erck L ichrosorb D iol (250 x 25 mm, 7 [im). E lu tion w ith cyclohexane -rm -butylrnethyl ether 4:6 yielded com pounds 1, 2 and 4, while com pound 3 eluted with cyclohexane -terf-butylm ethyl ether 3:7. From 18 1 of culture 1.4 mg of xylaram ide (1), 14.9 mg of co m pound 2, 2.9 mg of com pound 3, and 25 mg of com p o u n d 4 were obtained. COSY, H M Q C and H M B C experim ents w ere p e r form ed with gradient enhancem ents using sine shaped gradient pulses, and for the 2D heteronuclear correlation spectroscopy the refocusing delays w ere optim ized for 'J CH=145 Hz and 2Jch= 10 Hz. The raw data w ere transform ed and the spectra w ere evaluated with the standard B ruker U X N M R softw are (rev. 941001). The chemical shifts are given in ppm (with the solvent peaks at 7.26 and 77.0 ppm serving as reference) and the coupling constants J in Hz. E l mass spectra were recorded by a JE O L SX102 sp ectrom eter at 70 eV. The IR spectrum was recorded with a Perkin-Elm er 298 spectrom eter, the U V spectrum with a Varian Cary 219 spectrom eter, and the optical ro tations w ere m easured with a Perkin-E lm er 141 polarim eter at 22°C.
X ylaram ide (1), N -(2-phenylethenyl)-2-hydroxypropanam ide, was ob tain ed as a colorless oil. A ccording to their spectroscopic data, com pounds 2 and 4 w ere identified as tyrosol and 2-hexylidene-3-m ethylsuccinic acid (D evys et al., 1976, A n derson et al., 1985) .
B io lo g ic a l a ssa ys
The assays for antim icrobial activity w ere p e r form ed as described previously (A nke et a l., 1989) using an inoculum of lx IO'' cells or spores/m l. Cy totoxic activity against L1210 cells (A TC C CC1 219, m ouse), H L60 cells (A T C C CCL240, hum an), B H K 21 cells (A T C C CCL 10, h am ster) and H eL a S3 cells (A TCC CCL2.2, hum an) was m easured as described previously (Z ap f et al., 1995) . The phytotoxic effect on germ ination of Setaria italica and L epidium sativum w ere ev aluated according to A nke et al., (1989) . The nem aticidal activity against C aenorhabditis elegans and M eloidogyne incognita were carried out as described by Stadler et al. (1993) and A n k e et al. (1995) . The lytic activ ity tow ards bovine erythrocytes was m easured as described previously (Kuschel et al., 1994) .
Results and Discussion
From ferm entations of X ylaria longipes. A 1 9 -91, four natural p roducts w ere obtained. The m ost po ten t antifungal m etabolite (1 ) is a new com pound for which we propose the nam e xylaram ide. Its structure was d eterm in ed by N M R spectros copy and m ass spectrom etry. The E l mass spectrum contains essentially tw o ions, the m olec ular ion at m le 191 and the base peak at m te 119. High resolution E IM S m easurem ents suggest that the elem ental com position of xylaram ide (1 ) is C 11H 13N 0 2 and th at the com position of the base peak is C8H 9N. The 'H and l3C N M R spectra show ed typical signals for a m on o su b stitu ted b e n zene, a trans double bond, a carbonyl group, and a 1-hydroxyethyl group. A b ro ad doublet at 8.4 ppm for an exchangeable p ro to n was observed in the 'H N M R spectrum , the signal d isappeared slowly w hen D 20 was added to the N M R tube and did not show any correlatio n in the H M Q C spectrum . The stru ctu re of xylaram ide (1) was d e term ined by long range 'H -13C correlations: 9-H correlated to C-7, 8-H to C -6 and C-8, 7-H to C-5 and C-9, and 5-H correlates to C-4 and C-7, sug gesting that C-5 is attach ed directly to C-6. H-4, which couples to both H-5 and to the exchangea ble proton with the coupling constants 14.6 and 11 Hz, respectively, gives H M B C correlations to C -l, C-5 and C-6. 2-H as well as 3-H 3 correlate to C -l, and the suggested structure is the only conceivable that fits the spectroscopic data.
Tyrosol (2) has been isolated from higher fungi and plants like Ceratocystis species (A yer et al., 1986) , Gibberella fu jik u ro i (C ross et al., 1963) , Pyricularia oryzae (D evys et al., 1976) , Candida albi cans (Lingappa et al. 1969) and Ligustrum ovalifolium (V eer et a l, 1957) .
The furan 3 was recently re p o rte d as a m e tab o lite of Phellinus linteus, a w ood-inhabiting basidiom ycete (Song et al., 1994) . The p aper is in K orean, and the spectroscopic data of the furan 3 are therefore given in the Experim ental section.
C om pound 4 is com m on am ong secondary m e tabolites produced by fungi of the X ylariaceae, but different optical rotations have been published. W hereas for the product of Xylaria longipes a negative rotation ( -89 °, c 1.0 m ethanol) has been rep o rted (A nderson et al., 1985) , the ro tatio n of the sample isolated from X ylaria longipes, A 1 9 -9 1 , in this investigation was + 71 ° (c 1.3 chloroform ). Thus our strain produced the enantiom er.
The biological activities of the isolated Xylaria m etabolites towards fungi, bacteria, cells, plant germ ination, nem atodes and bovine erythrocytes, were investigated. The antifungal activity (Table I) of xylaram ide (1) Yeasts: N adson ia fulvescens >100 >100 >100 >100 N em atospora coryli 1 100 25s.50 >100 R hodotorula glutinis >100 >100 >100 >100 Saccharom yces cerevisiae S 288 c >100 >100 >100 >100 et al., 1976) . A t 100 [ig/ml none of the com pounds show ed nem aticidal activity tow ards Caenorhabditis elegans and M eloidogyne incognita and they had no lytic effect on bovine erythrocytes.
G. Schneider et al. ■ Secondary M etabolites from Xylaria
As shown in this publication Xylaria longipes, A 1 9 -9 1 , is a rich source of secondary m etabolites which are derived from different biochem ical pathways. Besides the com pounds described in this publication, xylarin, a diterpene connected to an unusual glucuronic acid m oiety (Schneider et al., 1995) and m ellein (Schneider, unpublished) w ere isolated. The production of secondary m e tabolites with high antifungal activities by Xylaria longipes could be a useful tool against com petitors in its ecological niche.
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